Abstract. Many researchers have so far used machine vision and digital image processing for grabbing images of machined surfaces, improving their quality by pre-processing and then analysed them for evaluation of surface finish with a reasonable success. An attempt has been made in this work to capture the images of the surfaces with varying inclinations covering both the sides. The ideal orientation of the surface (flat and horizontal) is found by observing the variation in optical roughness parameters estimated from the grey level co-occurrence matrix as the angle of inclination changes. It is observed that the variation of roughness parameters with respect to angle of inclination also depends on the surface roughness of the component. The optical roughness values obtained by machine vision approach are then subsequently compared with the conventional R a as obtained by stylus method and the analysis is presented.
Introduction
In recent years, surface texture has been recognized as being significant in many fields/applications. In particular, the surface roughness is an important factor in determining the satisfactory performance of the components in many applications such as tribology, coatings etc. Also in engineering applications, the surface roughness has been found useful in machine tool monitoring [1] . Surface roughness is also used to characterize the accuracy of a component/product. The end function of a component generally determines the surface roughness of that component [2] .
Over the years, the non-contact optical methods have attracted researchers' attention for the assessment of surface roughness [3] . Most of the methods are based on statistical analysis of greylevel images in the spatial domain. The intensity histograms of the surface image have been utilized to characterize surface roughness and quality [4] . Statistical methods such as co-occurrence matrix approach, the amplitude varying rate statistical approach and run length matrix approach have also been used to compare the texture features of machined surfaces [5] . In this work, an attempt has been made to capture the images of the surfaces deliberately kept at varying inclinations covering both the sides i.e., from -θ to + θ as shown in the Fig. 1 . Images of surface captured at varying angles of inclination are presented in Fig. 3 . The ideal orientation of the surface (flat and horizontal); i.e., the image of the surface when θ=0° is found by observing the variation in optical roughness parameters as the angle of inclination changes. The variation of roughness parameters with respect to angle of inclination also depends on the surface roughness of the component which is analyzed and is presented in this work.
Experimental Procedure
The schematic diagram of machine vision system is shown in Fig. 1 . The basic experimental set-up of a vision system consists of a CCD camera (Pulnix-TM6, 768 × 565 pixels, with Image, LC processing hardware with four frame buffers and 1/30 s grabbing speed), an appropriate lighting arrangement, frame grabber, a PC processor and computer software to process images. Illumination of the specimens was accomplished using a diffused white light source.
Fig. 1. Capturing images at varying inclinations using Machine Vision
The experiments were carried out using flat mild steel specimens manufactured by shaping and milling processes. Surfaces with varying roughness/textures were obtained by controlling the machining parameters. The component is positioned at varying angles of inclination (-10° to +10°) to the horizontal as shown in Fig. 1 and then the images of surfaces were captured. Optical surface roughness parameters based on machine vision digital images were estimated for all the cases. Roughness parameters were observed to be varying with the angle of inclination. Actually, the roughness parameter estimated for the image of the surface kept at perfectly flat and horizontal position is the required value. Therefore, this optimum required value can be estimated by analyzing the changes in the optical roughness parameters as the angle of inclination varies from -θ to + θ.
Grey Level Co-occurrence Matrix (GLCM)
Gray level co-occurrence matrix (GLCM), one of the popular texture analysis methods, estimates image properties related to second-order statistics. Grey Level co-occurrence matrix or grey tone special dependence matrix was introduced by [6] . GLCM describes the frequency of one grey tone appearing in a specified spatial linear relationship with another grey tome, under the area of investigation. Spatial relationship is defined as the pixel of interest and the pixel to its immediate right (other spatial relationships between the two pixels can also be specified). Each element (i,j) in GLCM corresponds to the number of occurrences of the pair of gray levels i and j which are at distance 'd' apart in original image. GLCM is constructed by counting the number of occurrences of pixel pairs which have grey levels i,j and their position specified by operator P s,d in the image. The position operator P s,d describes two parameters for the pixel pairs: pixel pair spacing (PPS) and pixel pair direction (PPD) [7] . In this work, it is considered that the neighbour pixel lies to the immediate right of the base pixel and the pixel pair distance is 1.In order to estimate the similarity between different gray level co-occurrence matrices, Haralick et al. proposed 14 statistical features extracted from them. To reduce the computational complexity, only some of these features were selected. Eight textural parameters estimated from the GLCM are considered in this work: Contrast, Dissimilarity, Inverse difference moment (IDM) and Angular second moment (ASM). 
Results and Discussion
2D and 3D plots of the GLCM of the captured images of surfaces kept inclined at varying angles of inclination are analysed. Figure 2 shows the variation of the GLCM parameters as the angle of inclination increases for surfaces with different roughness values. 1. The calculated parameters contrast, dissimilarity, IDM, ASM, and Entropy have a good correlation with the arithmetic average roughness values. The calculated parameters from the GLCM of the images of inclined components show a consistent variation as the component is inclined up to 10° on either sides and this is true in all the cases. Contrast, Dissimilarity, Entropy, Diagonal Moment decreases as the angle of inclination is increased. Maximum values of above mentioned parameters are obtained when the component is placed flat and horizontal (i.e., θ=0°). In addition, it is found that these calculated parameters are sensitive for a rough surface, while this sensitivity decreases for a smooth surface. Slope of the estimated parameters for rough surface at varying angles of inclination is greater than the slope of smooth surface.
2. ASM increase with the increase in the angle of inclination and is found to have minimum value at θ=0°.
3. Figure 4 presents the 2D plots of GLCM at varying angles of inclination. As observed from Fig. 4 , width of GLCM decreases as the angle of inclination is increased. 
Conclusion
Basically, optical roughness parameters are estimated by maintaining the components at varying the angles of inclination. The component is kept arbitrarily inclined on both sides (from -θ to + θ) while taking the image and the point where there is a reversal in the quantified surface roughness parameter was found to be the required roughness value of the image taken at θ=0° (i.e., when the surface is completely flat and horizontal ).This approach could therefore be adopted for use both in the cases of on line and off line inspection of components, keeping in mind that the inclination of surface of the component during imaging plays an important role in estimation of optical roughness values.
